Periampullary cancer (PC) is a term encompassing malignancies that originate near the ampulla of Vater. It includes cancers of the head and neck of the pancreas, distal common bile duct, second part of the duodenum, and the ampulla itself. Differentiating between these entities, even with biopsy, is often not possible. Therefore, PC is managed identically to pancreatic adenocarcinoma, the fourth leading cause of cancer death in the United States despite representing only 3.1% of new cancer diagnoses [1] . Surgical resection by pancreaticoduodenectomy is the only potentially curative measure [2] .
Unfortunately, as PC frequently presents at an advanced stage (particularly pancreatic adenocarcinoma), it is often inoperable at the time of diagnosis [3] . The 2016 National Comprehensive Cancer Network (NCCN) Guidelines for Pancreatic Adenocarcinoma define criteria to determine resectability [2] . Nonetheless, a subset of patients undergo noncurative laparotomy (NCL) either because the resection is 1) margin positive (termed an R1 resection) [4, 5] or 2) the disease is found to be unresectable due to local invasion or unexpected metastases [6, 7] . Although it is not the preferred outcome, NCL can benefit patients via definitive staging in borderline resectable cases, surgical bypass of obstructed bowel or bile ducts, placement of fiducial markers for radiation therapy, and tumour debulking.
One reason NCLs occur is the failure to detect any of the following: vascular invasion [8] , lymph node involvement [9] , and distant metastases [10] via preoperative computed tomography (CT) [2, 11] . The Society of Abdominal Radiology and American Pancreatic Association have published a structured reporting template containing the significant criteria for resectability [12] . This is intended primarily for pancreatic adenocarcinoma, but its components are salient for staging other PCs, as differentiating between them preoperatively is not always possible. There is growing evidence that structured reports more effectively communicate disease extent than do nonstructured reports, and may better inform surgical decision making [13, 14] . For example, Brook et al [13] obtained feedback of structured and nonstructured reports for pancreatic cancer from three pancreatic surgeons. All surgeons found that the structured reports contained sufficient information for surgical planning significantly more often than did nonstructured reports. Two of three surgeons found that information pertinent to surgical planning was more easily accessible in structured reports significantly more often than in nonstructured reports.
In our study, using the aforementioned structured reporting template, we retrospectively examined CT scans of patients with PC who had an NCL. To the best of our knowledge, this subgroup has not received focused study in the literature. Our aim was to improve identification of borderline resectable or unresectable PC. This would potentially allow for the application of neoadjuvant treatment or minimally invasive palliative procedures, avoiding the morbidity of NCL. Specifically, we analysed preoperative CT in these patients to 1) identify evidence of unresectable disease, 2) correlate imaging with surgical and pathological findings, and 3) compare retrospectively performed structured reviewsdblinded to the original CT reports and other findingsdto the original nonstructured reports in terms of predicted resectability.
Methods

Patients
A retrospective review of our prospectively maintained, consecutively acquired database was approved by the University of Western Ontario research ethics board (No. R103421), which waived informed consent. All patients scheduled for either a pancreaticoduodenectomy or total pancreatectomy at our institution between 2007-2015 were identified (n ¼ 398) (see Figure 1 ). Inclusion criteria were that the patient had biopsy proven PC and had an NCL (n ¼ 141). Exclusion criteria included inadequate or inaccessible preoperative CT, >90 days between CT and operation, and structured original report. Preoperative imaging, surgical notes, and pathology reports were collected by a radiology resident.
CT Protocol
Preoperative CT was either performed at our institution or referring hospitals. Therefore, there was variation in the equipment and imaging protocols. We required an arterial phase abdomen and portal venous (PV) phase abdomen or pelvis with axial slice thickness 5 mm and 0-mm interval. This was to ensure both the radiologists who originally interpreted the scan and reinterpreting author radiologists had adequate information to comment on criteria relevant for staging. Scans were not excluded based on the brand or dose of intravenous contrast material; presence of gastrointestinal contrast material; kVp; mAs; noise index; pitch; or presence of multiplanar, curved planar, or 3-dimensional reformats.
Structured CT Interpretation and Data Extraction From Original Nonstructured Reports
Preoperative CTs were retrospectively reinterpreted by one of three radiologists with expertise in periampullary malignancies (1 abdominal fellowship trained and 2 interventional fellowship trained, all with >10 years' experience). The radiologists were blinded to the original CT reports, surgical findings, and pathology results. Prior CT images were available for review, but other modalities acquired as part of the cancer workup such as magnetic resonance imaging or endoscopic ultrasound were not accessed.
Reports were structured according to consensus guidelines for pancreatic adenocarcinoma [12] . This template includes 4 sections: morphologic evaluation (primary tumour and biliary or pancreatic ducts), arterial evaluation (celiac axis, common hepatic artery [CHA], superior mesenteric artery [SMA], and variant arterial anatomy), PV evaluation (portal vein, superior mesenteric vein [SMV], thrombus, and collaterals), and extrapancreatic evaluation (metastases, lymphadenopathy, ascites, and organ invasion).
The nonstructured CT reports were converted to structured reports following the same template that the reinterpreting radiologists used [12] . This was done so that the nonstructured reports could be compared directly to the structured review. Omitted criteria were deemed negative. This step was completed by a radiology resident.
Comparison of CT Findings to Surgical Findings
The structured preoperative CT reviews were used to classify each case as resectable, borderline resectable, or unresectable based on the current NCCN guidelines [2] as per the reporting radiologist.
The sensitivity and specificity (including 95% confidence intervals) of preoperative CT for determining local arterial invasion, local PV invasion, and metastatic disease (liver and peritoneal) was calculated using surgical findings as the reference standard. Patients in whom metastatic disease was found and vascular invasion was not assessed intraoperatively were omitted from the vascular involvement calculations.
Comparison of Structured Reviews With Nonstructured Reports
Resectability was determined using the data extracted from the nonstructured reports and compared with resectability according to the structured review. To assess whether report type influenced resectability, the Wilcoxon signed rank test was employed.
To investigate the impact of radiologist expertise, we performed a subgroup analysis of nonstructured reports produced by fellowship trained abdominal radiologists vs all other radiologists in terms of nonstructured report staging concordance with structured report staging. We also compared the proportion of patients deemed resectable, borderline resectable, and unresectable. Statistical testing was done with the chi-square test.
To assess the impact of radiologist experience, we compared the mean years in practice of radiologists whose nonstructured reports staged the cancer differently than the structured report vs those whose nonstructured staging was unchanged. We also compared the mean years experience between abdominal fellowship trained and all other radiologists. This was done using a 2-tailed, 2-sample Student t test.
To elucidate what caused changes in staging, we also identified the specific finding(s) on the structured review that led to upstaging or downstaging.
For each parameter in the NCCN guidelines, the frequency with which it was explicitly described in the nonstructured reports and the discrepancy rate compared with the structured reviews were computed.
All analysis was performed using MATLAB version 7.9.0.529 (The MathWorks, Natick, MA). Statistical significance was set at a ¼ 0.05 for all statistical testing.
Results
Forty-five patients were identified who met our inclusion criteria (50-85 years of age, mean 67.7 AE 8.6 years of age) with 21 men (50-85 years of age, mean 66.0 AE 8.9 years of age) and 24 women (55-81 years of age, mean 69.3 AE 8.2 years of age). Fourteen patients had positive margins following resection. Thirty-one patients were found to be unresectable at laparotomyd16 due to local invasion, 12 due to metastases, and 3 patients had both locally advanced disease and metastases ( Figure 1 ).
Upon structured review of preoperative CTs, the proportion of patients deemed resectable, borderline resectable, and unresectable based on NCCN criteria were 22% (n ¼ 10), 27% (n ¼ 12), and 51% (n ¼ 23), respectively.
The sensitivity and specificity of preoperative CT for detecting vascular invasion and metastatic disease in patients with PC who underwent a NCL are presented in Table 1 . Confidence intervals and the values used for computation of sensitivity and specificity are also provided. In summary, the sensitivity and specificity were 46% and 91% for metastases, 56% and 62% for local arterial invasion, and 68% and 22% for local PV invasion.
Comparison of resectability on preoperative CT according to the structured review vs resectability according to the nonstructured report of the same scan is provided in Figure 2 . A Wilcoxon signed rank test indicated the difference in resectability was statistically significant between the two styles of report overall (P < .01, z ¼ 4.70) as well as for abdominal fellowshipetrained radiologists (P < .05, z ¼ e2.52, W ¼ 0) and all other radiologists (P < .01, z ¼ e4.01).
Overall, in 36% of patients the resectability status was the same for both reports (n ¼ 16; 8 were resectable, 3 were borderline resectable, and 5 were unresectable). In all other patients, the structured review upstaged resectability status, either from resectable to borderline resectable (n ¼ 10), borderline resectable to unresectable (n ¼ 7), or resectable to unresectable (n ¼ 12).
In the abdominal radiologist subgroup, resectability status was unchanged in 53% of patients (n ¼ 9) and upstaged in 47% of patients (n ¼ 8). In the nonabdominal radiologist subgroup, resectability status was unchanged in 25% of patients (n ¼ 7) and upstaged in 75% of patients (n ¼ 21). The difference in staging discrepancies between the subgroups approached but did not reach statistical significance (P ¼ .058, c 2 ¼ 3.6). However, abdominal radiologists were more likely to classify disease as borderline resectable or unresectable (65% of patients, n ¼ 11) than were nonabdominal radiologists (14% of patients, n ¼ 4; P < .001, c 2 ¼ 12.1).
Number of years of clinical experience was not significantly different between abdominal radiologists (n ¼ 8, 18.3 AE 10.8 years, range 5-33 years) and nonabdominal radiologists (n ¼ 23, 21.6 AE 10.9 years, range 4-34 years; P ¼ .45, t ¼ 0.76). There was also no difference in clinical experience of radiologists whose staging aligned with the structured review (n ¼ 26, 25.2 AE 9.6 years, range 5-34 years) and those that did not (n ¼ 29, 22.6 AE 10.8 years, range 5-33 years; P ¼ .43, t ¼ 0.80). Table 2 summarizes frequency of upstaging and downstaging by structured review compared with nonstructured report for specific anatomical structures. Upstaging occurred most frequently in the portal venous system, with portal venous tumour involvement upstaged in 40% of patients (n ¼ 18) and SMV tumour involvement upstaged in 35% of patients (n ¼ 16). CHA and SMA tumour involvement were also often upstaged, occurring in 27% (n ¼ 12) and 20% (n ¼ 9) of patients, respectively. Upstaging with respect to the celiac axis, arterial variant anatomy, and liver or peritoneal metastases was also seen but was uncommon, occurring in 7% (n ¼ 3), 11% (n ¼ 5), 4% (n ¼ 2), and 9% (n ¼ 4) of patients, respectively. Examples of tumour involving local vascular structures missed in the nonstructured reports are provided in Figures 3, 4 , and 5.
The frequency with which each NCCN criterion was explicitly described in the nonstructured reports and the frequency of discrepancies between the structured reviews and nonstructured reports are shown in Table 3 . Generally, the morphological criteria were consistently commented on in the nonstructured reports. Of these criteria, tumour location was most often described (91% of the time) whereas tumour density was least often described (67% of the time). Discrepancies between the structured reviews and nonstructured reports occurred <10% of the time.
Arterial criteria were inconsistently described in the nonstructured reports, with the SMA, celiac axis, CHA, and arterial variant anatomy being explicitly mentioned 33%, 9%, 9%, and 0% of the time, respectively. In this subset of criteria, the most frequent discrepancies between structured reviews and nonstructured reports related to whether or not there was soft tissue contacting the CHA (24% discrepancy rate) or SMA (18% discrepancy rate), and whether there was arterial variant anatomy (20% discrepancy rate).
For the portal venous criteria, the nonstructured reports described the portal vein and superior mesenteric vein 24% and 36% of the time, respectively. Discrepancy rates between structured reviews and nonstructured reports were highest concerning the degree of soft tissue contacting the portal venous vessels at 42% for the portal vein and 33% for the superior mesenteric vein. Portal venous contour abnormalities were also infrequently described in the nonstructured reports (9%-11% of cases), and were discrepant from the structured reviews in 22%-24% of cases.
Finally, some extrapancreatic criteria were often commented on in the nonstructured reports (lymphadenopathy in 87% of cases and liver metastases in 73% of cases) whereas others were not (peritoneal nodules in 4% of cases). Discrepancies between structured and nonstructured reports were most common with respect to lymphadenopathy and local organ invasion with discrepancy rates of 58% and 51%, respectively.
Discussion
We found that in patients who underwent NCL for PC, structured reinterpretation of preoperative CT frequently showed evidence of borderline resectable or unresectable disease. However, the sensitivity and specificity of determining local vascular invasion was lower in this population than previously reported values by about 10%-20% and 30%-50%, respectively [15e19]. One possible explanation is that previous publications included all patients with PC, including those with R0 resections, those with NCLs, and those who were treated nonoperatively. By studying patients who had undergone a NCL, we selected patients with a high probability of being diagnostically challenging, reflected as inferior performance of staging CT in assessing the extent of local invasion. In contrast, our sensitivity or specificity for identifying metastatic disease was similar to previously reported values [16] , suggesting consistent performance of CT in M-staging. We also found a significant difference of resectability status according nonstructured reports vs. structured review, with the latter upstaging disease in 65% of patients. This was true for both abdominal and nonabdominal radiologists, though the rates of upstaging tended to be lower in the former group (47% vs 75%, not reaching statistical significance). Abdominal radiologists were also more likely to identify disease as borderline resectable or unresectable than were nonabdominal radiologists (65% of patients vs 14% of patients). Years of clinical experience did not appear to correlate with staging accuracy. These findings imply that both structured reporting and abdominal fellowship training contribute to diagnostic accuracy in periampullary cancer staging.
Structured reporting of pancreatic adenocarcinoma has previously been shown to be better for surgical planning than for nonstructured reports [13] . Marcal et al [14] found that nonstructured reports often omit relevant staging parameters and frequently use nonstandard terminology to describe vascular involvement. More generally, in a study by Schwartz et al [20] , both radiologists and clinicians subjectively rated structured body CT reports (for a wide range of indications) higher than nonstructured reports in terms of content and clarity. Some institutions have introduced department-wide structured templates with a high rate of adherence by radiologists and favourable radiologist feedback [21] . Although radiologists have been slow to adopt structured reports, a recent survey indicated that only 10.9% of academic departments in North America are not using any, whereas about 50% are using structured reports for at least half of their imaging studies [22] . Our results support the use of synoptic reporting in the context of periampullary carcinoma staging.
Regarding the importance of fellowship training, Kalbhen et al [23] showed that reinterpretation of pancreatic cancer staging CTs by subspecialty abdominal radiologists (which were almost all originally reported by nonabdominal radiologists) resulted in upstaging 32% of patients. Moreover, surgery, biopsy, or follow-up imaging revealed that the reinterpretations were correct 94% of the time. Broadly, there is evidence that subspecialist radiologist interpretation improves accuracy and can alter patient care compared with nonspecialist interpretation for multiple oncologic imaging studies including prostatic [24] , gynaecologic [25] , musculoskeletal [26] , and intrathoracic [27] . Our results are consistent with these observations. In our study, the cause of upstaging upon structured review was most often local invasion of the PV system (35%-40%), and SMA (20%) or CHA (27%). In the majority of cases where tumour involving the local vasculature was identified in the structured reviews, the vessel was not commented on in the nonstructured report. The most frequently described vessels were the SMA and SMV, and they were only mentioned in about a third of cases. This implies that the nonstructured reports were discrepant from the structured reviews not because of misinterpretation of findings, but by omission. As the radiology report is the primary means of communication to the clinical team, and omitted findings are implicitly presumed negative, there is potential for misunderstandings when pertinent anatomy is not explicitly described [13, 14] .
A strength of our study is that we required that all CT protocols meet particular standards (most importantly that an arterial phase abdomen and PV phase abdomen and pelvis was included), ensuring that all the information necessary for staging was available. An unexpected consequence was that 77 scans (63%) were excluded for failing to meet these standards. There has been a recommended PC CT protocol for several years [28] and the NCCN guidelines advise that if preoperative imaging performed at a referring site is inadequate, the exam should be repeated [2] . This is an error at the institutional level, perhaps via direct surgical referral without appreciating the limitations of incomplete imaging. At the very least, all imaging obtained before referral to a tertiary Table 3 Frequency with which the National Comprehensive Cancer Network criteria were reported in the nonstructured reports and frequency of discrepancies between the structured reviews and nonstructured reports care centre should be reviewed by a subspecialist radiologist with experience in PC staging. One group reported a change in management in 56% of cases when reimaging was performed, but their study used MRI as the primary staging modality [29] . This problem has also been observed in the context of gynaecological [25] and intrathoracic [27] malignancies, with 18% and 62% of studies performed at referring hospitals judged suboptimal for staging, respectively. Another factor that led to multiple exclusions was a delay from imaging to operation of >90 days, potentially allowing for significant disease progression. According to guidelines, the delay from staging to laparotomy should not exceed 4 weeks [30] . At least 2 groups have found delays greater than about 30 days result in an increased proportion of unresectable disease, both due to local invasion [31] and distant metastases [32] . A process to expedite surgical intervention in these cases is required as current delays can be unacceptably long.
Our study has some limitations. First, as it was retrospective, reader bias is a concern. To mitigate this, the reinterpreting radiologists were blinded to surgical outcome and final pathology. Second, other imaging tests including magnetic resonance imaging, positron emission tomography CT, and endoscopic ultrasound were not analysed. These modalities have a role in dictating management in conjunction with CT [2] and were likely responsible in part for the decision to take some of these patients to the operating room. Exploratory laparoscopy can also aid in staging [7] in select cases. Third, en-bloc pathology was not available for any patient deemed surgically unresectable, so reference standard determination of structures involved by tumour was not possible. Also, there was inconsistency in the terminology used to describe tumour margins, limiting comparison of imaging and operative findings to pathological findings [33] . Finally, there was a relatively small sample size (n ¼ 45) comprising a mix of tumours including pancreatic, biliary, and duodenal.
Conclusion
In conclusion, we examined patients with periampullary cancer who underwent a noncurative laparotomy, correlating imaging with surgical findings and the original nonstructured radiology reports. In this subset of periampullary cancer patients, many cases showed evidence of borderline resectable or unresectable disease on CT, but with lower sensitivity and specificity for determining extent of vascular involvement when compared with all-comers with periampullary cancer. Structured review upstaged a significant proportion of CT scans compared with the nonstructured reports; the latter often omitted relevant details, particularly concerning local vascular invasion. We also found that abdominal fellowship training was linked to more accurate staging. As such, our work supports the use of structured reporting by subspecialist radiologists for periampullary cancer staging to improve communication of borderline resectable or unresectable disease to the clinical team.
